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Abstract—Amongst the most widely used computational fluid 
dynamics models, some include a sediment transport module that 
enables the examination of river channel dynamics. However, 
most ignore two families of processes influencing lateral erosion 
rates, and thus channel evolution mechanisms: lateral transport 
of sediment through mass wasting along river banks and valley 
walls, and soil reinforcement created by plant roots. A few 
modelling packages consider geotechnical processes, albeit with 
important limitations. Indeed, most solutions are solely 
compatible with single-threaded channels, impose a given 
computational mesh structure (e.g. body-fitted coordinate 
system), derive lateral migration rates from hydraulic properties, 
adjust bank morphology solely based on the angle of repose of 
the bank material, rely on non-physical assumptions to describe 
certain processes (e.g. channel cut offs in meandering rivers), and 
exclude floodplain processes. This paper describes the 
development and testing of two modules that were recently added 
to the mathematical suite of solvers TELEMAC-MASCARET to 
address the aforementioned limitations. The first module 
(GEOTECH) includes an algorithm that scans the computational 
domain in an attempt to detect potentially unstable slope profiles 
across the domain or intersecting with water-soil boundaries. 
The module relies on a fully configurable, universal genetic 
algorithm with tournament selection to delineate the shape of the 
surface along which a slump block detaches itself from a river 
bank or slope by translational or rotational mechanism. Both the 
hydrostatic pressure caused by the flow and the elevation of the 
water table are used in the Bishop’s method to quantify slope 
stability. Another algorithm computes the surface of the coarse 
fraction of the block material which is deposited at the toe of the 
slope. The second module (RIPVEG) simulates the evolution of 
floodplain vegetation, whose properties affect the geotechnical 
stability of slopes present in the computational domain by 
imposing a surcharge and increasing soil cohesion near the soil 
surface. Plants develop in height, weight and rooting depth at a 
rate that depends on the species and plant age. The two modules, 
combined with the flow and sediment transport models included 
in TELEMAC, provide a holistic solution to study the dynamics 
of a broad range of alluvial river types. The model is currently 
being tested, calibrated and validated using datasets from 
meandering rivers. 
I. INTRODUCTION 
Numerical models are frequently employed by researchers 
and practitioners to predict the morphodynamics of river 
channels [e.g. 1-3]. The sediment transport sub-model they 
include enables the computational mesh to evolve and allows 
researchers to elaborate hypotheses regarding the evolution of 
a river in the natural environment. However, existing models 
often do not have the capacity to simulate additional important 
river channel and floodplain processes. In particular, the 
mechanical effects of soil texture and riparian vegetation on 
geotechnical slope stability are largely ignored [4,5] despite 
their recognized key role in the evolution of river channels. 
Vegetation provides mechanical soil reinforcement [6] whose 
magnitude varies with the density of the root network [7], but 
also with soil texture, species, plant age, and location relative 
to stem or trunk [8,9]. The magnitude of the reinforcement is 
attenuated by a large soil moisture content [10]. The evolution 
of vegetation across the floodplain, and the species assemblage 
is influenced by stream hydrology, with vegetation density 
varying as a function of the distance to the river, elevation 
relative to the water table, and tolerance of plants to 
disturbance events such as flooding [11,12]. Therefore, 
floodplain vegetation, river bank hydrology, and soil properties 
are known to influence lateral channel adjustments, but are 
often left out of the modelling experiments. 
A large number of assumptions are used to simplify 
numerical calculations and reduce simulation times. For 
example, the HIPS formulation relies on an erodibility 
coefficient that combines lateral erosion rates due to fluvial 
entrainment and river bank failures [see 13-15], thus making it 
impossible to isolate the specific causes for retreat and to 
"entirely" simulate long-term planimetric and morphological 
evolution due to the lack of analytical solution of neck/chute 
cutoff [16]. In addition, these models do not guarantee 
sediment continuity and ignore in-channel topography [17]. 
When riparian vegetation is considered, it only modifies flow 
conditions by altering bed roughness, although a few notable 
exceptions exist [e.g. 18-12]. In addition, the simulation 
domain in meandering models usually defines a channel 
deprived from a floodplain, ignoring the presence of a complex 
topography due to paleochannels and making it impossible for 
multiple threads to coexist. 
This paper describes a new physics-based, deterministic 
model of channel-floodplain co-evolution that takes into 
account the biophysical context to examine the interaction 
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between a river channel and its surrounding vegetated 
floodplain at the spatial scale of an extended river reach. In 
particular, this model simulates the lateral river channel 
adjustments that can lead to the development of meandering 
and wandering river planform geometries. The model 
integrates geotechnical processes into the TELEMAC 
computational fluid dynamics model, while taking into account 
hydraulic, biological and sediment processes for the floodplain 
as a whole. This paper also presents the results of sensitivity 
analyses conducted with the altered TELEMAC model. A 
reach along the semi-alluvial Medway Creek (London, 
Canada) is employed to examine the effects of soil texture and 
riparian vegetation cover on river bank stability and resulting 
topographic changes during a 4.2-year recurrence interval 
hydrological event. 
II. OVERVIEW OF THE MODEL 
A geotechnical module (GEOTECH) and a riparian 
vegetation module (RIPVEG) were developed and integrated 
into the hydraulic solver suite TELEMAC-MASCARET to 
include the transport of sediment through mass wasting and the 
effects of floodplain vegetation on river channel evolution. The 
transport of sediment by flow entrainment is included in the 
existing module SISYPHE. Since the module GEOTECH was 
presented in detail in [19], this paper puts greater emphasis on 
describing the module RIPVEG and explaining the interaction 
between the different modules of the coupled morphodynamic 
model (Fig. 1). 
 
Figure 1.  Modules included in the proposed river morphodynamics 
model and interaction between the components of GEOTECH and the 
other modules. 
III. MODEL DESCRIPTION 
A. Geotechnical Module (GEOTECH) 
The module is divided into five components (Fig. 1). A 
landscape analysis algorithm generates a network of transects 
along which slope stability assessments are performed during a 
morphodynamic simulation (G1). This algorithm can be 
configured to detect potentially unstable slopes anywhere 
across the simulation domain, and not strictly along the 
external river bank of meander bends. A genetic algorithm 
searches for the geometry of the most likely failure profile 
along each transect (G2). It is assisted by an algorithm that 
performs slope stability assessment to obtain the safety factor 
associated with potential failure profiles (G3). The geotechnical 
module also includes a river bank hydrology manager that 
computes water table elevation in the floodplain, near the river 
bank (G4). Finally, a slump block analyzer removes the 
unstable slump blocks, deposits the material downslope and 
updates the computational mesh (G5). 
1) Landscape analysis (G1): 
The geotechnical model evaluates the stability of the terrain 
along multiple transects placed evenly across the landscape. 
Each transect is oriented in the direction of the steepest ascent 
then shortened or stretched to extend from the lowest to the 
highest point in the current direction. An option is available to 
filter out transects that are not at least partially submerged. 
2) Genetic algorithm (G2): 
Any slope stability analysis includes an algorithm that 
devises a set of potential slip surfaces to be evaluated for their 
geotechnical stability. Assuming a two-dimensional analysis, 
we can define a solution with identifier id as a series of 
connected nodes delineating the lower limit of an unstable soil 
block, i.e. the dashed line in Fig. 2a. Therefore, a solution can 
be described by the following vector: 
  nnid vvvvS 

,,...,, 121   
where iv

is the node at rank i along a slip surface. The 
solution with the lowest safety factor (Fs) is the most likely to 
occur and is said to be critical. 
Grid-search patterns are usually employed to list potential 
slip surfaces. For instance, this can be achieved by varying the 
location of the centre of the arc describing the shape of a 
circular slip surface, along with its radius. Here, a genetic 
algorithm with tournament selection, improved over the work 
of [20], was implemented in GEOTECH to converge toward a 
critical solution more rapidly. A solution k is created by 
combining two existing solutions, i and j, such that: 
   jik SSS

1   
where η = [0,1] is a randomly generated cross-over ratio. 
During cross-over, mutation has a probability of happening, in 
which case a randomly selected node comprised in solution k is 
displaced. A set of matching rules, namely partner exclusivity, 
child count policy, and prevention of breeding between 
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relatives, allows the variability within the pool of solutions to 
be optimized. Finally, a user-specified migration  
 
Figure 2.  Illustration of slope stability assessment in 2D using Bishop's 
simplified method of slices. The light-shaded area represents the unstable 
portion of the river bank, whereas the dark-shaded portion is stable. The 
forces acting on a slice i and the variables used in (3-6) are shown in 'b'. 
rate dictates the probability for a solution to be created 
randomly rather than being the result of a cross-over. 
In the current context, we can define a generation as the set 
of n solutions that were created from an initial population. 
After each generation, the most critical slip surface(s) are kept, 
the least critical are discarded, and new randomly selected 
surfaces survive to the next round. The search process 
terminates when the most critical slip surface remains 
unaltered for a number of consecutive generations. 
Several parameters of this algorithm can be adjusted, 
including for the efficiency and accuracy of the stability 
assessments. The algorithm can generate planar, circular, and 
non-circular slip surfaces, all of which are monotonically 
increasing from slope toe to peak. 
3) Slope stability assessment (G3): 
The Bishop's method of slices (Fig. 2) is used to quantify 
the geotechnical stability of the soil along a transect. It can 
produce planar, circular and non-circular slip surfaces. The 
following set of equations must be solved: 

 




n
i i
i
iii
i
s
m
bU
cb
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1
tan


 
 iicpiisi FW  coscos ,,   
 iicpiisi FW  sinsin ,,   
 s
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ii F
m
 tansincos 
 
where Ws,i = weight of soil material in slice i out of n; Ui = 
the pore water pressure at the base of a slice of width bi, basal 
angle βi and top angle αi; δi = angle between the result of 
hydrostatic confining force and normal to failure plane; ϕ = 
friction angle of the soil material; and m = a term in Bishop 
formula. Pore water pressure is given by: 
 bwt zz
gU 

 
where ρ = water density, g = acceleration due to gravity, 
zwt = elevation of the water table, and zb = elevation at the base 
of a slice. The confined water pressured is given by: 
 iiwicp WF cos,,   
where Ww,i = weight of water. Any solution resulting in a 
safety factor (Fs) lower than unity is said to be critical and is 
expected to result in a slope failure. 
4) River bank hydrology (G4): 
A saturated river bank, combined with a falling flow stage 
can trigger mass wasting events [21]. To account for the lag 
effect between free surface and water table elevations, a simple 
river bank hydrology sub-model is used to calculate water table 
elevation. According to this sub-model, water table elevation 
(z’wt) at a time t=t0+Δt is given by: 
   tkwtfsfswt ezzzz '  
where t0 = time at the previous iteration, Δt = time step, 
t=t0+Δt = time at the current iteration, zwt = water table 
elevation at time t0, z'wt = water table elevation at time t; zfs = 
flow surface elevation at time t0; and k = rate of convergence of 
the water table elevation toward zfs. The constant k is adjusted 
according to the hydraulic conductivity of the bank material, 
and thus represents the rapidity by which the water table adapts 
to a change in the river's flow stage. Two k-values are required 
per simulation: one for the rising limb of a flood hydrograph, 
and one for its falling limb. 
5) Slump block removal and deposition (G5): 
If the genetic algorithm calculates a safety factor below 
unity for a given transect, the unstable transect nodes relocate 
downward vertically (e.g. from the soil to the slip surface in 
Fig. 2a) and the computational mesh nodes (located in a 
different layer) adjust accordingly. It is assumed that the mesh 
nodes affected by a slope failure are those comprised in an 
elliptical zone having the length of the unstable section of the 
analysis transect and a user-defined relative width (i.e. a width-
to-length ratio) (i.e. the red ellipse in Fig. 3a,c). 
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Figure 3.  a) Map illustrating the effects of two mass failures on the elements 
of the computational mesh of  Medway Creek, London, Canada. The red 
nodes along the analysis transect represent the unstable nodes, whereas the 
white nodes are stable. The  red ellipses are the zones in which the mesh 
nodes are affected by mass movement. Each element with a green edge 
includes at least one node that will need to be displaced downward vertically 
due to erosion. 
b) River bank profiles along the two analysis transects. The light-shaded area 
represents the unstable portion of the river bank whereas the soil in the dark-
shaded zone is stable; the  water level at the toe of each slope appears in blue. 
The elevation of the water table is assumed to be the same as that of the free 
surface of the flow. 
c) Measurements required to calculate the elevation change due to mass 
movement at a mesh node x in (10).The computational element shown in 
green needs to be updated since one of its three nodes falls within the erosion 
zone (i.e. the red ellipse). 
A mesh node located along the edge of the ellipse or 
beyond will not be displaced vertically. Conversely, the 
displacement is greatest along the transect. Therefore, a mesh 
node located in the ellipse has a vertical displacement that is a 
linear function of the distance between the edge of the ellipse 
and the transect, in the direction orthogonal to the transect, and 
thus that: 

2
1 




A
A
B
B
A
r
d
r
ddzdz
 
where rA and rB = rA·kf = lengths of the semi-axes A and B, 
kf = width-to-length ratio of all ellipses defining an erosion or 
deposition zone, dA and dB = distances from the ellipse's centre 
to the mesh node along each semi-axis, dzA = elevation change 
at a distance dA from the centre of the ellipse in the direction of 
the mesh node x along the axis A. The value of dzA is obtained 
by interpolating elevation change at node x using the two 
nearest transect nodes. 
The volume of soil eroded during a mass wasting event is 
calculated by subtracting the pre- and post-failure 
computational meshes. The geotechnical model allows to 
define the percentage of the soil material that is too coarse to 
be instantaneously entrained by the flow. The coarse fraction 
of the unstable slope material deposits in an elliptical zone at 
the toe of the slope at the friction angle. 
B. Riparian Vegetation Module (RIPVEG) 
The plant evolution module optionally generates an initial 
plant cover, manages plant growth, and transfers information to 
GEOTECH regarding the plant properties that can influence 
the mechanical properties of the river bank at any given 
location. These properties are root depth, apparent cohesion 
due to roots, trunk height, and trunk width. 
1) Representation and Physiological Properties: 
Although the module allows for multiple species to occupy 
a simulation domain, a single one is associated with each 
computational mesh node. Each plant is defined by its current 
and termination ages, which are defined at initialization of the 
plant cover. 
The physical properties of a plant (i.e. at a mesh node) are 
species-dependent and are determined at run-time using species 
growth curves. These properties are plant type (none, 
herbaceous, shrubby, arboreal), trunk height diameter (at base 
and top) and length, life expectancy (mean and standard 
deviation), growth and decay rates, root cohesion and depth. 
Each value represents the magnitude of a property at maturity. 
In addition, the plants from each tree species are assumed to 
have a given wood density and spacing. All plants have user-
specified resistances to flooding and to a lack of flooding. The 
latter properties allow to distinguish between terrestrial and 
aquatic plants and to represent the effects on plant succession 
of changes in water table elevation. 
2) Initialization of cover: 
Plant cover can be initialized in different manners, 
depending on the option selected by the user. The first 
implemented method is the random generation of plants 
according to user-specified percentages for terrestrial and 
aquatic species. The initial plant age (a) is generated randomly, 
given the mean (μA) and standard deviation (σA) values 
associated with a species' life expectancy, and assuming a 
normal distribution of ages within the simulation domain. The 
probability P for a species to be a years old is given by the 
normal distribution cumulative distribution function: 

 







 
2
1
2
1
A
AaerfaP 

 
where the error function (erf) is approximated using [22]: 
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The second method relies on an input file that defines the 
likelihood of generating a plant of each species at each mesh 
node. This option is useful if the land cover is heterogeneous 
and requires zones with distinct species distributions to be 
defined. Note that this method relies on (11-12) to randomly 
generate plant ages. Finally, a third method reads an input file 
that defines the species code, along with the initial and 
termination ages of the plant at each node. This option is useful 
when land cover is known, or when running comparative 
simulations which require identical plant cover. Also note that 
this option must be used when continuing a simulation. 
3) Growth, termination and succession: 
The generalized logistic sigmoid growth equation [23] is 
employed to describe the evolution of plant's physiological 
characteristics. This equation was found to represent well the 
growth of grazed plant communities, with a potential to relate 
its parameters to meaningful biological growth characteristics 
[23]. This equation is given by: 

    bTtbRd yeYy 15.01   
where y = magnitude of a plant physiological characteristic, 
Y = value of this characteristic at plant maturity, d = parameter 
to vary the time at which y = Y/2, t = time elapsed since 
germination, T = life expectancy, Ry = maximum rate of 
increase of y, b = parameter to modify symmetry. During our 
simulation, parameter values of b = 1, d = 0, Ry = 10, and Ry = -
10 were assigned to all plant species. Ideally, however, each 
species would be assigned a unique set of parameter values. 
A plant dies if its roots are submerged (terrestrial plant) or 
not submerged (aquatic plant) for a prolonged period of time. 
At this moment, the plant starts decaying and a new plant of 
the same species starts growing. In nature, the roots of a 
decaying plant continue to enhance soil cohesion and the trunk 
continues to exert a downward force on the soil for a period of 
time after a plant dies [24]. Growth and decay curves must, 
therefore, be combined to calculate plant properties (see the 
example in Fig. 4). This strategy is especially relevant in a case 
where the plants located in a frequently flooded area die at an 
age that is considerably smaller than their life expectancy. In 
that case, the biomass of the different plants decomposing (of 
the same species) must be combined to correctly account for 
the effects of roots and trunks. 
 
Figure 4.  Growth curve, assuming that the magnitude of a physical trait 
was at 80% of the maximum value (at maturity) when the plant died. 
IV. EXPLORATION OF MODEL BEHAVIOUR 
A. Study reach and experiment 
A 1.5 km reach of the semi-alluvial river Medway Creek, 
London, Canada, is employed to calibrate the coupled 
morphodynamics model and explore its sensitivity to variations 
in geotechnical and vegetation parameters. The channel is on 
average 20 m wide in this reach. A total of 69,073 mesh nodes 
(138,280 triangular elements) spread over an area of 440,808 
m² (3.2m² per element) describe the topography of the channel 
and floodplain (Fig. 5). A steady flow discharge of 70m³/s is 
used, which corresponds to a recurrence interval of 4.2 years. 
In the absence of data on soil texture for this fine fraction for 
this reach, the soil was assumed to have the same texture as 
that along Dingman Creek, located near our study site and 
consisting of 24% clay, 61% silt and 13% sand [25]. The 
coupled model was run for a single iteration, for multiple soil 
and vegetation configurations. This allowed the safety factor 
and eroded profile area (along each transect) for multiple 
combinations of soil and vegetation characteristics to be 
computed. 
Simulations were carried out to test the sensitivity of key 
parameters in the coupled GEOTECH-RIPVEG modules to 
variations in soil and plant cover properties. Three series of 
experiments were performed. First, the parameters of the 
genetic algorithm were calibrated to maximize the percentage 
of the slope failures detected and minimize simulation times. In 
a second experiment, the influence of grain size was evaluated.  
Mean grain size was varied from fine clay to fine sand, 
assuming moderate soil compaction for each grain size class 
and moderate stiffness for the clay fraction. Finally, in a third 
experiment, vegetation cover, in terms of plant type, species, 
and assemblage, was varied using the physiological plant 
properties defined in [26] and [27]. The selected plants are not 
found at our field site, and are unlikely to be all present in a 
single area. However, they are employed here to represent a 
range of values on root strength. The properties of the two 
grass species, four shrub species, and four tree species are 
summarized in Table I. The values of apparent cohesion are 
depth-averaged and exclude the roots below which the 
cohesion is lower than 0.25 kPa. In our simulations, the 
spacing between tree trunks of the same species is equal to the 
drip line, assumed to be 25% of plant height. All tree species 
have a diameter of 41 cm, a height of  18 m and a wood density 
of 0.94 g/cm³. 
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Figure 5.  Topography of the study site at Medway Creek. The white 
rectangle corresponds to the zone shown in Fig. 3a. The 960 transects 
generated for the geotechnical analyses are shown in black for stable slopes 
and in colour for the slopes that are expected to be unstable according to the 
most accurate simulation performed during the calibration of the genetic 
algorithm. 
B. Calibration of genetic algorithm parameters 
The sensitivity analysis of the genetic algorithm was 
achieved assuming moderated silt texture (0.031 mm) and 
moderate soil compaction. Depending on the combination of 
parameters used, between 290 and 364 failures were detected. 
The result of the latter combination is shown in Fig. 5. An 
accuracy of 95.9% was reached (i.e. detection of 95.9% of the 
failures) with a population size of 48 slip surfaces evolving 
over four generations, a 3-child-per-couple policy, no genetic 
restriction for parent matching, a migration rate of 65%, and a 
mutation rate of 12.5%. Due to the selected configuration, one 
individual of the population survives to the next generation, 31 
are randomly generated (65% of 48), and 16 (the remainder to 
maintain population size) are created by cross-over. Since 
mutation only affects the individuals that were created by 
cross-over, the location of one node along the profile of two 
surfaces (12.5% of 16) is expected to be slightly altered. Once 
calibrated, the 960 cross-sections could be evaluated in 255 
seconds using a high-performance notebook. Note that the 
model overestimates the number of slope failures that occur 
along the study reach for the selected flow discharge. Future 
efforts will include the analysis of soil samples from the study 
reach to accurately measure their geotechnical properties. 
TABLE I.  PHYSIOLOGICAL PROPERTIES OF THE PLANTS USED IN THE 
GEOTECHNICAL EVALUATIONS  
Species Properties 
Code Common name–Latin name Root 
depth 
(m) 
Apparent 
cohesion 
(kPa) 
Aa Gamma grass –Tripsacum dactyloides 0.6 6.40 
Ba Switch grass –Panicum virgatum ‘Alamo’ 0.9 6.87 
Cb Quail bush –Artiplex lentiformis 0.8 55.24 
Db Wolfberry –Lycium andersonii 0.5 54.60 
Eb Creosote bush –Larrea tridentata 0.8 23.70 
Fb Iodine bush –Allenrolfea occidentalis 0.7 21.41 
Ga Sycamore –Platanus occidentalis 0.9 9.84 
Ha River birch –Betula nigra 0.9 12.66 
Ia Sweetgum –Liquidambar styroflora 0.8 6.64 
Ja Black willow –Salix nigra 0.8 4.29 
Values obtained from a. [26] and b. [27]. 
C. Variation in mean grain size (GEOTECH) 
Three observations can be drawn from the grain size 
sensitivity analysis (Fig. 6). First the selected grain size affects 
both the number of slope failures and volume of eroded 
material. In the cases of silt- and sand-textured soils, the 
number of failures decreases with an increase in grain size. 
There is no clear trend for clay. The second observation is that 
the number of failure events is not correlated with the resulting 
amount of eroded material. It is for fine sand, but not for clay 
and fine sand. For instance, an increase in mean grain size for 
silt-textured soils results in a decrease in the number of block 
failures, but it has no effect on the total eroded area (Fig. 6). 
Finally, the eroded areas are orders of magnitude lower with 
clay soils. The sharp increase in the incidence of mass wasting 
events between clay and silt size classes may be due to the use 
of moderate stiffness and compaction with clay.  
D. Variation in vegetation cover (RIPVEG) 
Based on a series of paired two-tail t-tests, the number of 
failures is significantly different (α = 0.05) between all pairs of 
two plant species (Fig. 7), with the exception of three pairs: A-
B (i.e. the herbaceous plants), C-D (i.e. two shrub species), and 
G-I (i.e. two tree species) (Table II). Due to the facts that the 
weight of shrub plants is neglected and the tree trunks were 
assumed to have identical weights, a variation in apparent 
cohesion is expected to result in a significantly different 
number of mass wasting events. The conclusions are different 
when performing the same statistical analysis for the eroded 
areas. The predicted areas of the failure blocks are significantly 
different between herbaceous and tree plants, but not between 
herbaceous and shrub plants. Most of the shrub-tree pairs have 
significantly different eroded areas, whilst the other pairs are 
associated with a low P value (0.05 ≤ P ≤ 0.10). Note that a 
significant reduction in the eroded areas is noted for three out 
of four tree species, relative to a bare soil. 
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TABLE II.  P-VALUES OBTAINED FROM THE STATISTICAL ANALYSIS OF 
DIFFERENCES BETWEEN EACH PAIR OF TWO SPECIES FOR THE NUMJBER OF 
FAILURES AND TOTAL ERODED AREAS 
 
Species codea 
 
 ϕb A B C D E F G H I J  
ϕb - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
P-
v
al
u
e 
(nu
m
be
r 
o
f f
ai
lu
re
s) 
A 0.45 - 0.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
B 0.38 0.98 - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C 0.66 0.73 0.73 - 0.44 0.00 0.00 0.00 0.00 0.00 0.00 
D 0.22 0.67 0.65 0.35 - 0.00 0.00 0.00 0.00 0.00 0.00 
E 0.59 0.83 0.81 0.91 0.54 - 0.01 0.00 0.00 0.00 0.00 
F 0.97 0.43 0.49 0.71 0.23 0.61 - 0.00 0.00 0.00 0.00 
G 0.04 0.03 0.02 0.05 0.01 0.05 0.06 - 0.04 0.96 0.01 
H 0.09 0.04 0.02 0.06 0.00 0.09 0.10 0.92 - 0.04 0.00 
I 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.30 0.34 - 0.01 
J 0.04 0.02 0.02 0.03 0.00 0.05 0.04 0.76 0.66 0.50 -  
 P-value (total eroded areas)  
a. Species codes described in Table I. b. The symbol ϕ represents a lack of plant cover. 
 
 
Figure 6.  Effect on the number of failures detected and total eroded area of a 
variation in the mean grain size for clay, silt, and fine sand classes. 
Using an aerial photograph including the area of the field 
site and multiple visits to the river reach and floodplain, zones 
with consistent land cover were delineated in a geographical 
information system. This allowed to attribute a percentage of 
bare soil, grass, shrubs, and trees to each zone of the vegetation 
layer, and thus to create the probability input file that can be 
used by the module RIPVEG to initialize plant properties. A 
series of 32 simulations were launched to evaluate the 
sensitivity of the geotechnical stability to the selection of 
herbaceous, shrub and tree species (Fig. 7). A total of 1056 t-
tests were performed between each pair of two species 
assemblages, for the number of failures and total eroded areas, 
in order to verify the extent to which the selected species in an 
assemblage determines the geotechnical outcome. 
 
Figure 7.  Effect on the number of failures detected and total eroded area of a 
variation in a) plant species and b) assemblage of species. The code attributed 
to each species is listed in Table 1. The symbol ϕ represents no plant cover. 
Overall, the simulations with mixed vegetation cover 
resulted in fewer slope failure events and a reduced total 
eroded area with P-values of 0.019 and 0.001, respectively for 
each variable. This is consistent with previous studies that 
found vegetated strips consisting of woody and grass species to 
be associated with enhanced soil strength [26,28]. With the 
species considered, our results suggest a weak influence of 
species assemblage on geotechnical stability, with 53/528 
assemblages being significantly different for the number of 
failures and only 19/528 for the eroded areas. Whereas we 
noted significant differences in the case of single species 
(Fig. 6), we find here that the species composition of the 
vegetation assemblage is less critical (Fig. 7). For this 
experiment, we employed data from plant species that are not 
found on the field site, and thus, introduced error. However, 
the comparison of the different plant assemblages suggests that 
obtaining exact species physiological details may not be 
critical when this assemblage includes multiple plant types. 
Note also that the four species used in the simulations are 
deciduous, and thus that different results could have been 
obtained with coniferous trees, which tend to have shallower 
rooting systems. 
V. DISCUSSION AND CONCLUSIONS 
A. Features, benefits and limitations of the new 
morphodynamic model 
A geotechnical module and a riparian vegetation module 
were developed and coupled to TELEMAC to build a river 
morphodynamics model that includes a physical description of 
floodplain processes that are usually left out of the 
computational fluid dynamics models or embedded within non-
tangible coefficients. The new modules allow the examination 
of a diversity of alluvial and semi-alluvial river channels and 
floodplains with limited impact on simulations times. This 
model offers the following features and benefits: 
 Capacity to simulate river morphodynamics in single 
and multi-threaded channels. 
 Independence of the slip search algorithm with respect 
to the structure of the computational mesh. 
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 History of previous erosion and deposition events that 
occurred on the floodplain embedded in the 
computation mesh. 
 Fully configurable genetic algorithm to efficiently 
locate planar, circular and non-circular slip surfaces. 
 The geotechnical and riparian vegetation modules can 
run separately or together. 
 Consideration of water table elevation in river bank. 
 Strong physical basis of the equations employed to 
simulate lateral erosion rates due to the inclusion of the 
two new modules in a CFD model. 
B. Influence of soil texture and plant cover on slope stability 
The improved morphodynamic model TELEMAC was 
used to evaluate the sensitivity of geotechnical stability to 
variations in mean grain size and species assemblage. The 
number of slope failures and the total eroded area were used to 
compare the outcome of the simulations. Our results indicate 
clear patterns in the case of silt- and sand-textured soils, but a 
more chaotic response for clayey soils. Statistical methods 
were used to evaluate the effect of different species and 
different assemblages of species on slope stability. We found 
important interspecies differences that influence more the 
number of slope failures detected than the total eroded areas. 
However, our experiment reveals fewer significant differences 
between species assemblages consisting of herbaceous, shrub 
and tree species. 
C. Future development 
The performance of TELEMAC coupled with the two 
modules described in this paper is currently being evaluated. 
The study reach along the semi-alluvial Medway Creek, 
London, Canada, is appropriate for that purpose since it 
exhibits a complex topography with islands and ephemeral 
channels forming and disappearing with changes in flow stage. 
It is also vegetated and is subject to bank retreat. The 
evaluation of the geotechnical module GEOTECH and the 
riparian vegetation module RIPVEG mainly consists in testing 
their robustness and efficiency in a variety of environmental 
contexts. Once calibrated, the model will need to be validated 
against time series of topographic datasets. 
The structure of the developed riparian vegetation module 
is in its present form very simple. Two important limitations 
should be addressed in future versions:1) bed roughness, which 
currently remains uniform across the domain, should be  
calculated at runtime based on the characteristics of the 
vegetation cover; and 2) species at one mesh node, which 
currently remain the same throughout each simulation, should 
be allowed to vary to allow for newly created habitats to be 
colonized. Also, research on interactions between 
geomorphology and riparian ecology may benefit from the 
access to a model that can simulate competition between 
species. This competition could be implemented relatively 
easily by defining species-specific growth curves and tolerance 
to shade. 
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